








































































































Several agencies specify AASHTO T283 as the primary test for field acceptance of moisture 
susceptibility in hot mix asphalt. When used in this application, logistical difficulties challenge its 
practicality, while repeatability is routinely scrutinized by contractors. An alternative test is needed 
which can effectively demonstrate the ability to screen mixtures based on expected performance. The 
ideal replacement can be validated with field performance, is repeatable, and allows for prompt 
reporting of results. Dynamic modulus, flow number, AASHTO T283, Hamburg wheel tracking device 
(HWTD), and the moisture induced sensitivity test (MIST) were performed on plant produced surface 
mixes in Iowa. Follow-up distress surveys were used to rank the mixes by their performance.  The 
rankings indicate both the quantity of swelling from MIST conditioning and submersed flow number 
matched the performance ranking of all but one mixture. Hamburg testing parameters also appear 
effective, namely the stripping inflection point and the ratio between stripping slope and the creep 
slope. Dynamic modulus testing was ineffective, followed by AASHTO T283 and ratios produced from 
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manifest	 in	many	 forms	 of	 distress	within	months	 of	 construction.	 The	modes	 of	 failure	
(adhesive	 and	 cohesion)	 can	 be	 explained	 by	 one	 or	more	 of	 the	 following	mechanisms:	
detachment,	 displacement,	 spontaneous	 emulsification,	 film	 rupture,	 pore	 pressure,	
hydraulic	 scouring,	 and	 pH	 instability	 (Taylor	 and	 Khosla,	 1983;	 Kiggundu	 and	 Roberts	
1988;	Terrel	and	Al‐Swailmi,	1994;	Scott,	1978).		
A	2002	survey	showed	as	many	as	44	states	routinely	test	for	moisture	sensitivity.	
Over	 86%	of	 these	 state	Departments	 of	 Transportation	 (DOT)	 specify	AASHTO	T283	 as	
their	primary	test	method	for	 identifying	moisture‐susceptible	asphalt	mixtures	(Hicks	et	
al.,	2002).	Both	the	repeatability	of	AAHSTO	T283	and	its	relation	to	performance	are	often	
scrutinized	 (Brown	 et	 al.	 2001;	 Solaimanian	 et	 al.	 2003),	 partly	 because	 the	 manner	 in	
which	moisture	 is	 introduced	 into	 the	 specimen	 is	not	 representative	of	 field	 conditions.	






initially	 developed	 using	 100	 mm	 diameter‐Marshall	 specimens	 (Lottman	 1978),	 the	
minimum	 recommended	 TSR	 requirement	 may	 not	 be	 applicable	 when	 using	 other	
compaction	methods	 and	 specimen	 sizes.	 If	 the	minimum	 TSR	 requirement	 is	 80%,	 the	
equivalent	requirement	for	150	mm	gyratory	specimens	was	shown	to	be	87%	(Bausano	et	
al.	2006).	
Agencies	 using	 this	 test	 as	 part	 of	 acceptance	 in	 production	 face	 many	 logistical	
challenges.	Recognizing	these	challenges,	a	2006	study	evaluated	alternative	test	methods	
for	 use	 in	 Iowa	 (Williams,	 2010).	 Tensile	 strength,	 dynamic	 modulus,	 and	 flow	 number	
testing	was	conducted	on	both	conditioned	and	unconditioned	specimens	fabricated	from	
plant	produced	mixtures.	Upon	completion	of	 the	study,	additional	mix	was	retained	and	
stored	 for	 future	 research.	 In	2011,	 two	additional	devices	were	used	 to	 test	 these	 same	




Of	 the	 38%	of	 agencies	which	 specify	AASHTO	T283	 for	 field	 acceptance,	 not	 all	 district	
laboratories	within	the	agency	are	equipped	with	a	compression	machine.	In	Iowa,	samples	
are	 sent	 via	 courrier	 to	 a	 central	 laboratory	 where	 the	 turn‐around	 time	 for	 delivery,	









Further	 convoluting	 the	 matter,	 the	 compatibility	 between	 project‐specific	
aggregates	and	liquid	anti‐stripping	agents	is	often	overlooked.	Contractors	commonly	use	
the	same	additive	for	a	variety	of	materials,	resulting	in	cases	where	liquid	agents	decrease	







Five	 test	 methods	 were	 evaluated	 for	 identifying	 moisture‐related	 damage	 in	 flexible	
pavements.	Plant‐produced	 loose	 samples	were	collected	 from	13	 Iowa	projects	 in	2006.	
Specimens	 were	 fabricated	 and	 tested	 for	 dynamic	 modulus,	 flow	 number,	 and	 indirect	
tensile	strength.	 In	2011,	 the	remaining	 loose	mix	was	retrieved	 from	an	 in‐door	storage	
facility	 and	 used	 to	 fabricate	 specimens	 for	 HWTD	 and	 MIST	 testing.	 Results	 were	
compared	to	observed	field	performance.	
The	 mixtures	 were	 selected	 to	 cover	 a	 wide	 range	 of	 material	 properties.	 Three	
traffic	levels	were	considered:	less	than	3	million	equivalent	single‐axle	loads	(ESALs),	3	to	
10	million	 ESALs,	 and	 greater	 than	 10	million	 ESALs.	 Two	 nominal	maximum	 aggregate	
sixes	(NMAS)—12.5	and	19.0	mm—were	used,	and	three	binder	performance	grades	(PG	
58‐25,	 PG	 64‐22,	 and	 PG	 70‐28)	 were	 represented.	 The	 properties	 of	 the	 mixes	 are	
presented	 in	 Table	 1.	 The	 Iowa	 DOT	 only	 conducts	 pavement	 distress	 surveys	 on	 its	














HWY	330	Base	 19.0	 64‐22	 <3	 330B	 Yes	
HWY	218,	Tripoli	 19.0	 64‐22	 <3	 218	 Yes	
I‐80	Intermediate	 19.0	 64‐22	 >10	 I80I	 Yes	
I‐235	Intermediate	 19.0	 70‐28	 >10	 235I	 Yes	
6th	St.	Nevada	 12.5	 64‐22	 <3	 6N	 No	
Dedham	 12.5	 58‐28	 <3	 Ded	 No	
Rose	Street	 12.5	 64‐22	 <3	 Rose	 No	
 
 
F‐52	 12.5	 58‐28	 <3	 F52	 No	
Northwestern	Avenue	 12.5	 64‐22	 <3	 NW	 No	
HW	4	 12.5	 58‐28	 <3	 HW4	 Yes	
HWY	330	Int.	 12.5	 64‐22	 3‐10	 330I	 Yes	
Jewell	 12.5	 64‐22	 3‐10	 Jewell	 No	
HWY	330	Surface	 12.5	 64‐22	 3‐10	 330S	 Yes	
I‐80	Surface	 12.5	 64‐22	 >10	 I80‐S	 Yes	
I‐235	Surface	 12.5	 70‐28	 >10	 235S	 Yes	
Altoona	 12.5	 64‐22	 >10	 ALT	 No	
	
Experimental	Plan	
All	 samples	 were	 compacted	 to	 7%	 ±	 1%	 air	 voids	 and	 split	 into	 two	 groups	 with	




3. moisture	 saturation	 with	 freeze/thaw	 conditioning	 without	 water	 submersion	
testing	
4. moisture	 saturation	 with	 freeze/thaw	 conditioning	 and	 with	 water	 submersion	
testing	
With	 the	exception	of	HWTD	and	MIST	 testing,	 five	replicates	were	 tested	 in	each	
condition	for	each	mix.	Because	the	test	protocol	dictates	the	use	of	external	linear	variable	
differential	 transformers	 (LVDTs)	 on	 the	 sides	 of	 the	 specimen,	 dynamic	 modulus	 for	
conditions	 2	 and	 4	 was	 omitted.	 When	 fabricating	 HWTD	 and	 MIST	 specimens,	 loose	









Flow	Number	 XXXXX	 XXXXX	 XXXXX	 XXXXX	
AASHTO	T283	 XXXXX	 	 XXXXX	 	
HWTD	 	 XX	 	 	





For	HWTD	and	MIST	 testing,	 the	 only	moisture	 conditioning	 used	was	 the	 test	 itself.	 All	
other	 tests	 followed	 AASHTO	 T	 283,	 “Resistance	 of	 Compacted	 Bituminous	 Mixture	 to	
Moisture	 Induced	 Damage.”	 Specimens	 were	 compacted	 according	 to	 section	 4.2.3	 in	
AASHTO	T	283	and	divided	into	two	subsets	so	that	each	subset	had	the	equivalent	average	




to	 ten	minutes	 at	 13–67	 kPa	 and	 submerged	 in	water	 bath	 for	 an	 additional	 five	 to	 ten	
minutes.	The	degree	of	saturation	was	held	between	70%	and	80%.	If	the	sample	required	
a	 freeze/thaw	 cycle,	 each	 vacuum	 saturated	 specimen	 was	 tightly	 covered	 with	 plastic	
wrap	and	placed	in	a	plastic	bag	with	approximately	10	±	0.5	ml	of	water	and	sealed.	The	





Dynamic	modulus	 testing	was	 performance	 in	 a	 Nottingham	 Asphalt	 Tester;	 a	 universal	





The	 number	 of	 applications	where	 the	 onset	 of	 tertiary	 flow	 occurs	 (flow	 number)	was	





compared	 to	 that	 of	 the	 unconditioned	 control	 group.	 The	 ratio	 of	 conditioned	 to	
unconditioned	strength	is	known	as	the	tensile	strength	ratio	(TSR).		
Hamburg	Wheel	Tracking	Device	(HWTD)	
Developed	 in	 the	 1970s	 in	 Hamburg,	 Germany,	 this	 device	 simultaneously	 measures	 a	
mixture’s	 susceptibility	 to	rutting	and	moisture	damage	by	 rolling	a	 steel	wheel	over	 the	
submerged	 specimen	 in	 a	 temperature‐controlled	 water	 bath	 (AASHTO	 T324).	 The	 rut	

































































































































































80S	 NA	(1.6)	 NA	(1.0)	 1	(0.9)	 1	(0.0)	 1	(0.1)	 1	
235S	 NA	(2.6)	 NA	(0.0)	 2	(1.5)		 1	(0.0)	 5	(18)	 2	
330S	 NA	(1.7)	 NA	(0.0)	 5	(16.1)	 3	(0.2)	 2	(1.9)	 3	
218	 NA	(1.8)	 NA	(0.0)	 3	(10.0)	 5	(2.0)	 3	(2.0)	 4	











































Mixture	 PerformanceRanking	 E*	Ratio	37°C Area	Ratio	
I‐80S	 1	 1.17	(3)	 0.9	(4)	
235S	 2	 0.78	(1)	 1.3	(1)	
330S	 3	 0.79	(4)	 0.8	(3)	
218	 4	 0.86	(2)	 1.2	(2)	
HW4	 5	 1.25	(5)	 0.6	(5)	
Flow	Number	Results	
While	flow	number	has	correlated	well	with	field	rutting	(Zhou	and	Scullion,	2003),	it	has	
not	 produced	 similar	 results	 for	 moisture	 damage	 prediction	 (Solaimanian	 et	 al.,	 2007,	






































I‐80S	 1	 1,797	(2)	 10,912	(3) 4,849	(3) 8,990	(2) 0.2	(3)	 0.8	(4)	 0.4	(4)	
235S	 2	 13,245	(1)	 14,840	(2) 16,603	(1) 13,895	(1) 0.9	(2)	 0.9	(3)	 1.1	(1)	
330S	 3	 1,150	(3)	 19,533	(1) 5,200	(2) 5,420	(3) 0.1	(5)	 0.3	(5)	 0.3	(5)	
218	 4	 648	(4)	 534	(5) 494	(5) 732	(5) 1.2	(1)	 1.4	(1)	 0.9	(2)	





The	 indirect	 tensile	 (IDT)	 strength	 and	 TSR	 were	 evaluated	 a	 potential	 screening	
parameters.	Results	from	T283	testing	appear	in	Table	6.	The	TSR	rankings	poorly	match	
field	performance.	The	best	performing	mixture	among	the	 five	 failed	 the	minimum	80%	
requirement.	Dukatz	and	Phillips	suggest	the	minimum	TSR	requirement	be	supplemented	









I‐80S	 1	 142.3	(3)	 78.9	(4)	
235S	 2	 175.0	(2)	 102.7	(1)	
330S	 3	 181.1	(1)	 98.6	(2)	
218	 4	 124.6	(5)	 71.2	(5)	










the	Hamburg,	which	 is	 consistent	with	 the	observed	performance	 in	 the	 field.	All	HWTD	
parameters	appear	to	effectively	rank	the	mixtures	by	performance.	The	ratio	between	the	
stripping	slope	and	creep	slope	serves	as	an	effective	measure	of	confirming	the	stripping	
inflection	 point.	 Quality	 assurance	 testing	 by	 the	 Iowa	 DOT	 indicates	 a	 ratio	 of	 2.0	 or	


















I‐80S	 1	 18,025	(2) 0.1032	(2)	 0.0781	(2)	 1.3	(1)	
235S	 2	 18,513	(1) 0.0632	(1)	 0.0475	(1)	 1.3	(1)	
330S	 3	 17,189	(4) 0.2106	(4)	 0.1194	(4)	 1.8	(4)	
 
 
218	 4	 17,828	(3) 0.1298	(3)	 0.0921	(3)	 1.4	(3)	
























I‐80S	 1	 90.4	(2)	 152.3	(2)	 0.6	(1)	
235S	 2	 96.8	(1)	 143.6	(4)	 0.7	(2)	
330S	 3	 86.2	(4)	 145.8	(3)	 5.9	(4)	
218	 4	 89.2	(3)	 170.3	(1)	 2.8	(3)	




















that	 are	 both	 inherent	 and	 difficult	 to	 avoid.	 An	 alternative	 test	 for	 identifying	moisture	
sensitivity	 is	 needed.	 This	 study	 evaluated	 five	 tests	 for	 their	 capacity	 to	 effectively	
demonstrate	the	ability	to	screen	mixtures	based	on	their	observed	performance.	Dynamic	
modulus,	 flow	number,	AASHTO	T283,	Hamburg	wheel	 tracking	device,	and	the	moisture	
induced	 sensitivity	 test	 were	 performed	 on	 plant	 produced	 surface	 mixes.	 Follow	 up	
distress	surveys	were	used	to	rank	the	mixes	by	their	performance.	Though	it	was	beyond	
the	 scope	 of	 this	 project,	 more	 forensic	 evaluation	 is	 needed	 to	 determine	 whether	
distresses	were	moisture‐related.		
Parameters	derived	from	the	test	measurements	were	ranked	from	high	to	low	and	
contrasted	against	 the	 corresponding	 ranking	of	 the	 field	performance	 for	 each	mix.	The	
following	equation	was	used	to	quantify	the	effectiveness	of	each	test	parameter:	


































































Test	 Test	Parameter	 Performance	Rank	Error	 Ranking
MIST	 MIST	Swell	 2	 1	
Flow	Number	 FN	Wet	 2	 1	
HWTD	 Strip/Creep	Ratio	 3	 3	
HWTD	 SIP	 4	 4	
HWTD	 Strip	Slope	(mm/1K	passes)	 4	 4	
HWTD	 Creep	Slope	(mm/1K	passes) 4	 4	
MIST	 MIST	TSR	 4	 4	
Flow	Number	 FN	Frozen	in	H2O	 4	 4	
Flow	Number	 FN	Frozen	in	Air	 8	 9	
Flow	Number	 FN	Dry	 10	 10	
Dynamic	Modulus	 E*	Ratio	37°C	 10	 10	
AASHTO	T283	 T283	Wet	IDT	(psi)	 10	 10	
MIST	 MIST	Wet	IDT	 14	 13	
Dynamic	Modulus	 Area	Ratio	 14	 13	
AASHTO	T283	 T283	TSR	 16	 15	
Flow	Number	 FN	Wet/Dry	 18	 16	
Flow	Number	 FN	Frozen/Dry	in	Air	 22	 17	
Flow	Number	 FN	Frozen/Dry	in	H2O	 32	 18	
	
Considering	turn‐around	time	and	simplicity,	the	MIST	and	Hamburg	should	be	
considered	for	further	evaluation	as	viable	alternatives	to	AASHTO	T283,	particularly	for	
field	acceptance.	A	larger	sample	size	would	strengthen	the	validity	of	the	rankings	and	
provide	guidance	for	quantifying	testing	thresholds	used	for	specifications.		
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